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SOME NEW INTEGRAL INEQUALITIES FOR FUNCTIONS WHOSE
DERIVATIVES OF ABSOLUTE VALUES ARE CONVEX AND CONCAVE

M. EMIN OZDEMIR!, ALPER EKINCI?, AHMET OCAK AKDEMIR?

ABSTRACT. In this paper, we prove some new inequalities for the functions whose derivatives’
absolute values are convex and concave by dividing the interval [a, ] to n + 1 equal even sub-
intervals. We obtain some new results involving intermediate values of |f’| in [a,b] by using
some classical inequalities like Hermite-Hadamard, Hélder and Power-Mean.
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1. INTRODUCTION

The function f : [a,b] — R, is said to be convex, if we have

flz+ (1 =t)y) <tf(z)+ A1) f(y)

for all x,y € [a,b] and t € [0,1]. Geometrically, this means that if P,Q and R are three distinct
points on the graph of f with @) between P and R, then @ is on or below chord PR. A huge
amount of the researchers are interested in this definition and there are several papers based on
convexity. Several new results and collections of studies on integral inequalities have been given
in [4], also in [11], new Hadamard type inequalities for convex functions have been proved. In [7],
by using a new integral identity some Hadamard type inequalities have been obtained. In [12],
integral inequalities of Hadamard type for product of convex functions have been established.
In [1], some new classes of functions on co-ordinates have been defined and some Hadamard
type integral inequalities have been obtained for these classes of functions. In [2], more general
inequalities for product of convex functions have been established. In [3], some companion of
generalization of Ostrowski type inequalities have been given that can be reduced to Hadamard
type inequalities by special choices.

Let f: I CR — R be a convex function and let a,b € I, with a < b. The following double
inequality

b
RO Ry PR (RS

is known in the literature as Hadamard’s inequality, given in [5]. In [6], a new variant of
Hadamard’s inequality has been given by using conformable fractional integral operators. In [§],
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some generalizations have been established for Hadamard type inequalities via conformable frac-
tional integrals. In [9], new results for fractional integrals have been proved by Green function.
In [10], new improvements of Hadamard type inequalities have been provided. Both inequalities
hold in the reversed direction if f is concave.

In a recent paper [11], the following Theorems have been proved:

Theorem 1.1. Let f : I C R — R be a differentiable function on I such that f' € Lla,b], where
a,b €I with a <b. If | f'| is convex on [a,b] then the following inequality holds:

PO H() 1
2 b—a

f (u)du
< (%) [ (@l + 4l C2) | +2[f (52) |+ 4] (552) [+ £ O]

9%@

(1)

Theorem 1.2. Let f : I C R — R be a differentiable function on I such that f' € L]a,b], where
a,b e I with a <b. If |f'|? is convex on [a,b] for some fized ¢ > 1, then the following inequality

holds:

OIC I
(=)
"y !f’(b)\qf},

S =

Rl (1)
AW ror) « (s (459
(r (2 4] (520) + (r (452)

1,1 _
where;—i—a—l.

+

Theorem 1.3. Let f : I C R — R be a differentiable function on I such that f' € L]a,b], where
a,b e I with a <b. If | f'|? is convex on [a,b] for some fized ¢ > 1, then the following inequality

(%) ®
q>3+<lf<f‘;b> zf'<3a:b>f>
(o (50 2l (52 (52w )}

Theorem 1.4. Let f : I C R — R be a differentiable function on I such that f' € La,b], where
a,b € I with a <b. If |f'| is concave on [a,b] for some fized q > 1, then the following inequality

Q=

P CE) 1< (2)(2)
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holds:

3a+b 3b+a b
f(4)+f(4)_bia/f(U)du (4)

2
a—1\"% (b—a\ |, (Ta+b , (5a+3b

<(r) " Ca) O+ b ()

, [ 3a+ 5b , (a+Tb

(57 (5]

Theorem 1.5. Let f : I C R — R be a differentiable function on I such that f' € Lla,b], where
a,b e I witha <b. If | f'|? is concave on [a,b] for some fived ¢ > 1, then the following inequality
holds:

1,1 _
wherezg+§—l.

Sath Sbta ;
PER TG L [ rwa 6

2
< (b=a) [y (1Batsby| |y (Lat5b
32 12 12
, (5a+ 13b , (3a+13b

( 12 |/ 12 ‘

The main aim of this paper is to establish some new inequalities involving values of |f|
at intermediate points of [a,b] interval for functions whose absolute values of derivatives are
convex and concave. In order to prove our results we divide the interval [a,b] to n + 1 equal

even sub-intervals.

2. MAIN RESULTS

We need following lemma to prove our main Theorems:

Lemma 2.1. Let f: I CR — R be a differentiable function on I where a,b € I with a < b.
If f' € L[a,b] and n is an odd number then the following equality holds:

(n—1)/2 -
(Z%‘i) S |[or (it geletiasa) g

n f ( a(n 2k n1—~)_—1i-b(2k+2) + (1 t)%%) dt:| (6)
(n-1) /2 b
a(n—2k)+b(2k+1)
= > 2f (Tl() SNl
k=0 “

Proof. Firstly, we take

1
Iy = /[tf/<ta(n—2kgill)(2k+1)+(1_t)a(n—2i—:—11)+b.2k>]dt

e /1[1—75 ( (n—2k—nli%1—b(2k+2)_i_(l_t)a(n—%T)L:li.(Qk%—l)ﬂdt‘
0
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Hence, it is obvious that for £k = 0, we have

1
—-1)4+2
Ilo+fzo=/tf ( Cm_:_lb+(1—t)a> dt+/tf’<ta(n)+b+(1_t)an+b> i
0 0

n+1 n+1

Integrating by parts, we obtain
/ b i 1)+ 2b b
/tf’(tan+ +(1-1) >dt+/t—1 f’<t n-D+2% gyt )dt
n+1
0 0
1

n+1 n+1
(n+1)t an +b n~|—1/ an+b
- - - —t)a ) dt
[ P f tn+1—|—(1 t)a b= f tn+1+(1 t)a
0

+[(n+1)(t—1)f<ta(n—1)+2b an+b) 1

1—1¢
b—a n+1 +( )n+1

1
n+1 a(n—1)+2b an +b
b_a/f<tn+1+(1 ) >dt
0

n—+1

By making use of the substitutions z = ¢, 242

—1)42b
mib 4 (1—t)a and y = ¢4 DI (1 pyentd
we get
an+b a(n—1)4+2b
2(n+1) , fan+b n+1)\2 s i
n
— - d d
Tio+ 10 = —— f<n+1> (b—a) /f(ff?) T+ / fx)dx
a an-+b
n+1
By the similar argument, for £ = 1,we have
a(n—2)+3b a(n—3)+4b
2n+1) , (a(n—2) +3b | i
n a(n — n
I Iy = - d d
1ty =—— f( ] ) (b—a) / fx)dx + / f(z)dx
a(n—1)+2b a(n—2)+3b
n+1 n+1
If we apply same calculations from k = 2 to (n — 1) /2, we have
(n—1)/2 (n—1)/2 b
b—a a(n —2k) +b(2k + 1) n+1/
1 Iy) = 2 — dx.
I S T+ Iw)= Y f< 1 g | f@)de
k=0 k=0 a
Which is the desired result. 0

Theorem 2.1. Let f: I C R — R be a differentiable function on I where a,b € I with a < b
If |f'| is convex on [a,b] and n is an odd number then the following inequality holds

(nzl/2 o (a(n %nizly(%ﬂ ) j
< 6(57;31) ("iw ( 7 (a n— 21;111)(2%1))‘ (7)
ny (a n kaT?Zrll)er 2k)>‘ Ty (a(ankfnllJlrb(QkJ&)) ‘ '




216 TWMS J. PURE APPL. MATH., V.10, N.2, 2019

Proof. By using Lemma 2 and properties of triangle inequality, we have

—-1)/2
n —2k) + b(2k + 1) n+1
Z < n+1 ) b—a/f

k=
(n—1)/2
b—a —2k)+b(2k+1) a(n — 2k +1) + b2k
< 1—
= n+1 kzo /‘tf( n+1 +(1-1) n+1 di
1
—2k—1 2k + 2 -2 2 1
+/‘ _ ( aln =2k = 1) +HRE+2) | aln = 2h) + b2+ ))dt) |
n+1 n+1
0
By using the convexity of |f’|, we obtain
(n—1)/2 b
3 2f () g [ @) do
(n—1)/2 1 1
b—a a(n—2k)+b(2k+1) 2 a(n—2k+1)+b.2k
P f (m”{t dt+|f' (m)‘oft (1 —t)dt
1
T lf (a(n 2k n1Jjb(2k+2 )‘ ft (1—t)dt+|f <a(n 21@7:1 (2k+1) >‘f(1 th)
0
(n—1)/2
_ b—a a(n—2k)+b(2k+1) a(n—2k+1)+b.2k a(n—2k—1)+b(2k+2)
=i X, (117 (—nﬂ )| | (e )|+ | (e=siresn))).
Which completes the proof. ([l

Corollary 2.1. If we choose n =1 in (7) we obtain the following result:

((552) it fron] <5 (o (539 )

Corollary 2.2. Under the conditions of Theorem 2.1, the following inequality holds:

ki < 2k721—i)(2/~c+1> n+1/f

e S () s (222) ]

k=0

Besides if |f' (x)] < M, for all x € [a,b], then we have also the following inequality:

(”§/22f <a(n—2k)+b(2k+1 ) n+1/f

P n+1

(5) ()

Proof. Tt follows directly from Theorem 2.1 and using the convexity of |f’|. O

Remark 2.1. If we choose n =3 in (7) , this inequality reduces to (1).
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Theorem 2.2. Let f: I C R — R be a differentiable function on I where a,b € I with a < b. If
|f'|? is convex on |a,b] for some fivred ¢ > 1 and n is an odd number, then the following inequality

holds:

(n—1)/2 b
a(n—2k)+b(2k+1)
kZ::O 2 < il > af

<(8) (2 g (B

i (a(n—2kn4::1)+b(2k)>

J (a(n 2knizla(2k+1))‘

i
Llp (a n— zknfl;(akﬂ))‘ }1} ’

+

7 (a(n—Qk—nlJ)rJlrb(%Jrz)) ‘

+[%

1,1 _
where;—i—a—l.

Proof. From Lemma 2 and by using the Holder inequality, we have

b
Z 2f (a n— anfl)(%ﬂ)) _ 7%; ff(:v) da

(n—=1) /2 [ /1 7
< b—Ta S < i tht)
k=0 0

( paln=2W)4bkt1) | (g _ t)w> ‘q dt> (9)

n+1 n+1
1 — t pdt)

1
aln— - a\n— q a
5 (({ £ (t (n—2k nl_i)_—ls-b(2k+2) (11— ( 2]42::_—11)(2k+1)>‘ dt> }

Q|

O%H o

Since |f]? is convex on [a,b] therefore we have

1
/ +(1-1) dt
0

a(n —2k+1) 4+ b(2k)\|?
n+1 )

, ta(ank:)+b(2k:+1)
/ ( n+1

1 1
—2 (2 1)\ 4 -2 2 1
< a(n — 2k) + b(2k + /Mt+ a(n —2k +1)+b(2k) /(1_t)dt
n+1 n+1

0 0

1 a(n —2k) +b(2k + 1)\ | a(n —2k+ 1)+ b(2k)

2 n+1 n+1

Similarly,

a(n —2k) +b(2k + 1)\ |
n+1 >

+(1—1)

, (L a(n—2k—1)+ b2k + 2)
f G n+1

Oj "
< i

By using the last two inequalities in (9), we obtain the desired result. O

P <a(n - 21{21?(% + 1)>

n+1

I <a(n —2k—1)+b(2k + 2))
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Corollary 2.3. If we choose n =1 in (8), we obtain the following result:

f<a+b> z) dx <( : )(pL) (;)q
x{[ff(a‘;b) +\f’(a)\qr+[‘f,(b)|q+ '<a§b) ]}

Corollary 2.4. Under the conditions of Theorem 2.2, the following inequality holds:

(kz% (n—2k;)+b(2k—|—1> n—i—l/f

B =

n—+1

1 (;)3(71_21)/2{[(2”;1]{; 1) (@) + <zfr11> " (b)|]3

() (') E e
[t (5 ol

Besides if |f' (x)|* < M, for all x € [a,b], then we have also the following inequality:

(n—1)/2
a(n —2k) +b(2k + 1) n+1
kgo 2f( n+1 >_ /f

(551) ) (5ot

Proof It follows from Theorem 2 2 using the convexity of |f|? and the fact
Z(uk+vk)<2(uk)+2(vk) up v >0, 1<k<n, 0<s<1
k=1 k=1

Remark 2.2. If we choose n =3 in (8), this inequality reduces to (2).

Theorem 2.3. Let f : I C R — R be a differentiable function on I such that f' € L]a,b], where

a,b € I with a <b. If |f'|* is convex on [a,b] for some fired ¢ > 1 and n is an odd number, then
the following inequality holds:

(nzl/2 of <a(n_2k)+b(2k+1)>

n+1

[ @) da
<(E)OmTT ]
ny (a(n72k+1)+b(2k)) "1] 7

n+1
+ [2 f (a<n—2k—1)+b<2k+2)> ‘q

7 (sgassny w

n+1

+ly (a(n—ngi—l{(%—i—l)) ﬂ é} '
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Proof. From Lemma 2 and by using the well-known power mean inequality, we have

n—1 b
a(n—2k)+b(2k
>~ 2f (‘( 27311(2 2 ) bJr f

Q=

a(n— al(n— q
i (t ( 212111)(21%1) +(1—1) ( 2:1%)%216)} dt) (11)

1
1 1
% (]‘ (1 o t) f/ <ta(n_2k;1_’)_—1i_b(2k+2) + (1 o t) a(n—Qk”zill)(Zk-Fl)) ‘q dt) q } .
0

Since |f]? is convex on [a, b] we have

1
&
0

dt

+(1—-1)

n—+1

a(n — 2k + 1) + b2k |7
n+1

I (ta(n —2k)+b(2k+1)

1
—2k) +b(2k + 1)\ |* —2k+ 1)+ b2k
< aln = 2k) + b(2k + /tzd aln—2k+1)+ #H(1— t)dt
n+1 n+1
0
B lf a(n —2k)+b(2k + 1) ‘1+1f a(n — 2k + 1) + b2k |
3 n+1 6 n+1
Similarly,
/ 2k —1) +b(2k + 2 2k) + b(2k + 1)\ |*
n+1 n+1
0
< Ly a(n —2k — 1)+ b(2k + 2) q+1 , (a(n—2k) +b(2k + 1)\ |[*
-6 n+1 3 n+1
Using the last two inequalities in (11), we get the result. O

Corollary 2.5. If we choose n =1 in (10), we obtain the following result:

b

f(a;b> _bia/f(x)dx < (b;a> <i1)))§

a

() v s o

<2
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Corollary 2.6. Under the conditions of Theorem 2.3, using the same arguments as in Corollary
2.4, the following inequality holds:

(n§/22f<a(n—2k)+b(2k:+l> n+1/f

k=0 n+1
Gﬂ) G) @ (er{KW) £ ()] + (Zif) i <b>\];
() el (S ol

Besides if |f' (x)|? < M, for all x € [a,b], then we have also the following inequality:

(n—1)/2
a(n —2k)+b(2k +1) n+1
Z 2f < n+1 ) /f

k=0

<z:i> <;>; (n— 1) (M) .

Remark 2.3. If we choose n = 3 in (8), this inequality reduces to (3).

Theorem 2.4. Let f : I C R — R be a differentiable function on I such that f' € L]a,b], where

a,b € I with a < b. If | f'|? is concave on [a,b] for some fivred ¢ > 1, and n is an odd number,
then the following inequality holds:

Z 2f n+1

() (32) 2

1,1 _
where;—i—g—l.

(n-1)/2 EEIHEERY _Zilff(x)dx

(12)

7 (a(Zn—4I;?;ll+)—1i-)b(4k+1)> ’

f’( a(2n— 4k(n1+)—1i-)b(4k+3)>’ )

Proof. From Lemma 2 and using the well-known Hélder inequality for ¢ > 1 and p = qi , We
have

(n—1)/2 b
o f ((An=2k)+b(2k+1)
= ( n+1 ) af
by /2 PN ;[ aln—2k)+b(2k+1) a(n—2k+1)+b2k \ |4 :
< o7l kz_jo Oftq—ldt {f (tn—ﬂ+(1—t)n—+1)} dt

(o)
(13)

Since |f|? is concave on [a,b] and by using the Hadamard inequality for concave functions, we

have
1
0/

a(n—2k)+b(2k+1) a(n—2k+1)+b2k

1
a(n— an— 1 !
( 2k nll;rb(%w) F(1— t)%) ‘ dt>

dt

I (ta(n —2k)+b(2k+1)

n—+1

+(1_t)a(n—2k‘+1)+62k> e

n—+1

n+1 n+1
2

<

, <a(2n—4k¢+ 1) +b(4k+1)) e
2(n+1)
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and similarly,

/

dt

f (t.a(n —2k—1)+b(2k+2)

24 +(1_t)a(n—2k)+b.(2k+1))

n+1

a(n—2k— a(n— . 4q
P (n—2k nlrlrb(zkw) 4 al QkT)l—:_li(%—&-l) (a2 — Ak — 1)+ bk + )\ |
- 2 2(n+1)
Using these two inequalities in (13), we get the desired result. O

Corollary 2.7. If we choose n =1 in (12), we obtain the following result:

(23 -2 [ o
< (%) G [ )l ()] ]

Corollary 2.8. Under the conditions of Theorem 2.4 and assume that |f'| is a linear function,

the following inequality holds:

(n—1)/2 b
Z 2f<%i’f(2’ﬁl)>_ﬁjff(m)dx

g(gg)@qJz"iz[QH)uw>+(zﬁwfwﬂ.

Proof. Tt follows directly from Theorem 2.4 and linearity of |f’|. O

Remark 2.4. If we choose n =3 in (12), this inequality reduces to (4) .

Theorem 2.5. Let f : I C R — R be a differentiable function on I such that f' € Lla,b], where
a,b € T with a < b. If |f'|? is concave on [a,b] for some fized ¢ > 1 and n is an odd number,
then the following inequality holds:

(n—1)/2 b
Z 2f (a n— 2knii)(2k+1)) _ Zf%ff(x) da

(n—1)/2 14)
b—a 9 a(n—2k)1b(2k+1) | 1 a(n—2k+1)+b(2k) (
= ) kz_:o [ r ( n+1 t3 n+l )‘
a(n—2k—1)+b(2k+2 a(n—2k)+b(2k+1
b | (yelei ey | gsoneren) ]

Proof. We know that if | f'|? is concave, then |f’| is also concave (See: [11]). From Lemma 2 we

have
" oy (o) et £ o)
< ke (”é:)ﬁ [ft f ( %ﬁamﬂL(l—t)M%J—W)‘dt
+§u_5.fﬁam%ﬁﬁm“”+“‘>“”%¢Vﬂlﬂﬁ]
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Since |f'] is concave, by using Jensen Inequality, we obtain

b (n-1)/2 L flt( a(n— 2k)+b(2k+1)+(1 ) aln= 2kn++11)+b(2k)>
— !
a3 [ o
k=0 0 ftdt
0
B
- 1
0 [(1—t)dt
0 u
which is equivalent to (14). This completes proof. O

Corollary 2.9. If we choose n =1 in (14), we obtain the following result:
a+b
2 _
/ < ) b—a
b—a 2a+b a+2b
< ' ' :
< 5t [ ()l (7))

Corollary 2.10. Under the conditions of Theorem 2.5 and assume that |f’| is a linear function,
the following inequality holds:

(n—1)/2 b
a(n—2k)+b(2k+1)
Z f ( n+1( ) b+ f

<5 > (n=2k)|f ()] + 2k +n) [f (b)]].
Proof. Tt follows directly from Theorem 2.5 and linearity of |f’|. O

Remark 2.5. If we choose n =3 in (14), this inequality reduces to (5) .
Remark 2.6. We have obtained the generalization of Lemma 1 of [11] and proved some more
general inequalities that reduced to Theorem 1-5 of [11] by selecting n = 3.

3. APPLICATIONS TO THE SPECIAL MEANS

We shall consider the means for arbitrary real number « and 8 (a # ). We take

H(a,B) = Tf—l’ a,B€RT (Harmonic Mean)
A, B) = a;j, a,BERT (Arithmetic Mean)
G(a,ﬁ) VvaB,a,B € RT (Geometric Mean)

L(a,B)=1a3 lnﬂ, a,B#0,a# B,a,8 € Rt (Logaritmic Mean)

Proposition 3.1. Under the conditions of Theorem 2.1 for n=1, if we choose f(x) = 2% we
have

é\GQ(a,b)—AQ(a,b)‘ <2(b—a)A(a,b).

Proposition 3.2. Under the conditions of Theorem 2.1 for n=1, if we choose f(x) = % we
have

|A~Y (a,b) — L™} (a,b)] < (b . @) <4A—2 (a,b) — %H‘l (a2, b2)> .



to
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Proposition 3.3. Under the conditions of Corollary 2.3, if we choose f(x) = x> we have

é\(ﬁ (a,b) — A% (a,b)| < (b_ga) <p~1u>; (;>q

% { (A% (a,6) + at]s + [A7 (a,) + ]

=

b

4. CONCLUSION

In the present study, a new integral identity has been established by dividing the interval [a, b]
n + 1 equal even subintervals. Then, several new integral inequalities are proved for convex
d concave functions whose certain powers of derivatives absolute values of via this identity.

The results found are a generalization that reveals many new inequalities as well as providing
previous results. Some applications have also been given for our findings.

i
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